in the RN group, i.e. 11 (50%) vs. 326 (35.1%), p = 0.016. There was no difference in rheumatoid factor (RF) or anti-cyclic citrullinated peptide antibody positivity. Patients with RN had more sicca symptoms, i.e. 8 (36.4%) vs. 152 (16.3%), p = 0.025, a higher mean score on the visual analogue scale pain (3 ± 2.9 vs. 2 ± 2.7, p < 0.001), more tender joints (6.4 ± 8.8 vs. 4.2 ± 7.2, p = 0.001), a higher patient global assessment of disease activity (3.3 ± 2.7 vs. 2.3 ± 2.7, p < 0.001), and more deformities, i.e. 3 (13.6%) vs. 74 (8%), p = 0.034. The mean health assessment questionnaire score in RN patients was 1.1 versus 0.9 in patients without RN ( p = 0.08). Patients with RN had a low disease activity (means: disease activity score , 3.02; clinical disease activity index, 7.7; and simple disease activity index, 10.4), similar to the other group. While the rates of methotrexate treatment were comparable, biologic therapy was administered more in patients with RN (i.e. 15 [68.2%] and without RN are similar in terms of demographics and serologic features, except for more obesity. However, patients with RN have more sicca symptoms, joint deformities, and painful and tender joints. Disease activity scores are low with more frequent biologic therapy.
Introduction
Rheumatoid nodules (RN) are subcutaneous swellings found almost exclusively in patients with rheumatoid arthritis (RA), consisting of palisading granuloma with necrotic centers. They are considered among the most common extra-articular manifestations of RA, reported in 30-40% of patients [1] . RN have been found to be associated with a more severe and progressive form of RA [1] , positivity for rheumatoid factor (RF) [2] , positivity for anti-cyclic citrullinated peptide antibodies (ACPA) [3] , extra-articular features such as sicca symptoms, and impaired physical functions [4, 5] . An association of methotrexate treatment with the development and progression of RN has been reported [6] . However, data from Arab and Middle Eastern countries are scarce and the majority of data come from Western countries [7] . Hence, in this study the objectives were to describe the prevalence of RN in patients with RA in Kuwait, to compare their features with those of patients without RN, including demographic and serologic features, and to study the association of RN with the activity and severity of the disease.
Subjects and Methods

Subjects
A total of 952 adult patients with RA from the Kuwait Registry for Rheumatic Diseases (KRRD), an ongoing registry of RA patients in Kuwait, were included in this study. The registry included patients who satisfied the American College of Rheumatology criteria for RA [8] from the Departments of Rheumatology of 4 of the 6 major government hospitals in Kuwait, i.e. Al-Amiri, Al-Farwania, Mubarak Al-Kabeer, and Al-Jahra Hospitals, from February 2013 through December 2015.
As part of the registry protocol, all patients were examined for RN during enrollment and follow-up visits to the hospitals. Their medical records were also reviewed for a report of RN at any point of their disease course. Thus, the cumulative occurrence of RN was explored since the development of RA. For the purpose of this study, if, at any time, RN was observed, the patient was labelled as "with RN". If the patient, however, did not develop RN at any time, then the patient was labelled as "without RN". Demographic, serologic, and clinical features were obtained from the registry and a comparison was made between patients with and without RN.
Methods
As part of the registry protocol, demographic and baseline medical data, including family history, smoking history, body mass index (BMI), and serology, were recorded for all patients at their first visit to the rheumatologist. During the consecutive follow-up visits, clinical and laboratory data were measured and reported, including data on disease activity and the treatment protocol. Data included in the registry were collected by rheumatologists and trained nurses through patient interviews and clinical examinations and from medical records.
BMI were classified according to the World Health Organization [9] , and obesity was defined as a BMI ≥ 30. Serological tests, which were part of the registry, were performed using the same laboratory methods in the 4 participating hospitals as follows: IgM RF was quantitatively measured using nephelometry, and measurements above 20 were considered positive; IgG ACPA was determined using an enzyme-linked immunosorbent assay (ELISA) with a cutoff point of 20 U/ml. Anti-nuclear antibodies were assessed by the indirect immunofluorescence using an Hep2 cell line and patients were considered positive when the titer was more than 1: 40.
The disease activity score (DAS-28) [10] , the clinical disease activity index (CDAI) [11] , and the simple disease activity index (SDAI) [12] were used to assess disease activity. Physical function was assessed using a health assessment questionnaire (HAQ) [13] . The mean score for each measurement tool was taken for each patient throughout the registry period. The means and individual elements of each tool were compared.
The KRRD, from which this study originated, was approved by the Ethics Committees of the Faculty of Medicine, Kuwait University, and the Ministry of Health, Kuwait. Written informed consent was obtained from the patients enrolled into the registry.
Statistical Analysis
Descriptive data analysis was used to evaluate means, SD, confidence intervals, percentages, and frequencies of distributions for the following variables: gender, age, disease duration, family history, smoking, and obesity. A χ 2 test was used to assess the statistical significance of associations between categorical variables. An independent 2-sample t test was used to assess the significance between means. Spearman's correlation test was used to assess the correlation between categorical and numerical variables. p < 0.05 was considered statistically significant. Statistical analyses were done using the Statistical Package for the Social Sciences (SPSS), version 23.0.
Results
Demographic and Serological Features
Of the 952 patients with RA, 22 (2.3%) had RN and 930 (97.7%) did not. Of the 22 patients with RN, 14 (63.6%) were female and 8 (36.7%) were male. Of the patients without RN, 660 (71%) were female and 270 (27.0%) were male ( p = 0.452; table 1 ). The mean age of the patients with RN was 54 ± 12 years, compared to 49.8 ± 12 years for those without RN ( p = 0.551); the mean disease duration in patients with RN was 6.3 ± 7.8 years, compared to 6.0 ± 6.4 years for patients without RN ( p = 0.600). Of the 22 patients with RN, 7 (31.8%) reported at least one first-degree relative with an autoimmune rheumatic disease, compared to 157 of the 930 (16.9%) patients without RN, and the difference was not statistically significant ( p = 0.289). Of the 22 patients with RN, 3 (13.6%) were smokers, compared to 99 (10.6%) patients without RN ( p = 0.673). Eleven (50%) patients with RN were obese, compared to 326 (35.1%) patients without RN ( p = 0.016).
Serological tests were similar in both groups. RF was positive in 17 (77.3%) patients with RN versus 699 (75.2%) patients without RN; ACPA was positive in 11 (50%) patients with RN versus 542 (58.3%) patients without RN, and anti-nuclear antibodies in were positive in 4 (18.2%) patients with RN versus 227 (24.4%) patients without RN.
Disease Activity, Functional Assessment, and Treatment With regard to disease activity, patients with RN had a mean DAS-28 score of 3.02 ± 1.4, compared to 2.86 ± 1.33 for patients without RN ( p = 0.135; table 2 ); the mean CDAI of patients with RN was 7.7 ± 8.8, compared to 7.0 ± 7.9 for patients without RN ( p = 0.601), and the mean SDAI of patients with RN was 10.4 ± 10.8, compared to 10.0 ± 10.4 for patients without RN ( p = 0.779), indicating a low disease activity state for both groups.
Erythrocyte sedimentation rates were comparable between patients with and without RN (mean ± SD: 22. Other variables that were significantly higher in the RN group compared to patients without RN included: the visual analog scale (VAS) score for pain (3 ± 2.9 vs. 2 ± 2.7, p < 0.001), the number of tender joints (6.4 ± 8.8 vs. 4.2 ± 7.2, p = 0.001), the patient's global assessment of disease activity (3.3 ± 2.7 vs. 2.3 ± 2.7, p < 0.001), and the physician's global assessment of disease activity (1.9 ± 2.1 vs. 1.4 ± 2.0, p = 0.017). There was a trend toward a higher HAQ in the RN group (1.1 ± 0.8 vs. 0.9 ± 0.7, p = 0.082).
The use of methotrexate was comparable between patients with and without RN, i.e., 8 (36.4%) vs. 341 (36.7%), p = 0.838, as were the doses of methotrexate (a weekly dose of 7.5-20 mg in the RN group compared to 7.5-25 mg in the group without RN; means ± SD: 15 ± 3.8 and Values are presented as numbers (%) or means ± SD unless otherwise stated. RN, rheumatoid nodules; F/H, family history of autoimmune rheumatic disease; RF, rheumatoid factor; ACPA, anti-cyclic citrullinated peptide antibodies; ANA, anti-nuclear antibodies. * Statistically significant. Values are presented as numbers (%) or means ± SD unless otherwise stated. RN, rheumatoid nodules; DAS-28, disease activity score; CDAI, clinical disease activity index; SDAI, simple disease activity index; ESR, erythrocyte sedimentation rate; VAS, visual analogue scale; HAQ, health assessment questionnaire. * Statistically significant.
15.4 ± 4, respectively; p = 0.387). There were, however, more patients on biologic therapy in the RN group than in the group of patients without RN (i.e., 15 [68.2%] vs. 478 [51.4%], respectively; p < 0.001).
Discussion
In this study, the prevalence of RN was low (2.3%), and it confirmed the RN prevalence of 3-15.9% among patients with RA in Saudi Arabia [14, 15] , the prevalence of 4% in the United Arab Emirates [16] , the prevalence of 9% in a previous study of Kuwait [17] , and that of 14.7% in Turkey [18] . However, studies from Western countries have shown a 30-40% higher prevalence of RN [2, [19] [20] [21] . A probable explanation for the low prevalence of RN in RA patients found in this study compared to the high prevalence rates of RN found in other studies [2, [19] [20] [21] could be genetic differences in the study population since RA has been linked to HLA polymorphism and to genetic differences among different populations [22] .
While smoking was not shown to be associated with RN in our study, Nyhall-Wahlin et al. [23] reported that 86% of patients with RN smoked, compared to 59% of the controls. This difference could be due to the inclusion of only current smokers in this study, as compared to patients who ever smoked in the previous study [23] .
In this study, the finding that there was no association between RN and positivity for RF and ACPA was in contrast to a previous study [24] that reported such an association in spite of the similar prevalence of RF and ACPA in patients with RA in Kuwait compared to other populations [25] . This may raise questions regarding the previously proposed role of autoantibodies in the formation of RN in patients with RA.
The finding that approximately half of the RA patients with RN in this study were obese could indicate a probable role of obesity in the formation of RN, an association that has never previously been described. It is important to further explore obesity and its association with RN as obesity and RN are risk factors for aggressive RA [1, 5, 26] , but obesity is also a well-known risk factor for associated comorbidities such as cardiovascular diseases [27, 28] and should carefully be taken into consideration in such patients. Similar to what has previously been reported, patients with RN had a more deforming disease and a higher frequency of sicca symptoms [1] .
The results indicate that use of methotrexate was comparable in patients with RN (36.4%) and those without (36.7%), although it has previously been reported that methotrexate therapy could induce RN [6] . The lack of an association between RN and methotrexate use in our population may suggest that factors other than methotrexate, such as the disease itself, could be responsible for the development of RN. The association between biologic therapy and RN in this study could either be explained by the induction of RN by biologic therapy, as was previously reported [29, 30] , or it could be related to the tendency of the rheumatologists to aggressively treat patients with RN with such potent therapy.
Comparable disease activity scores, including DAS-28, CDAI, and SDAI, between the 2 groups may reflect the aggressive therapeutic approach used for patients with RN given that biologic therapy was more prescribed for such patients in this study. Increased joint tenderness and the subjective patient's assessment of pain and of disease activity might be related to the presence of more deformed joints, which might also have affected the patients' physical functions as measured by the HAQ. This could also have influenced the physician's scoring of disease activity given the joint pain and tenderness.
Conclusion
In this study, the prevalence of RN was low among patients with RA in Kuwait. The patients with RN had similar demographic and serologic features and a similar use of methotrexate. The RN patients had a higher BMI, more joint deformities, more painful and tender joints, and possibly more limitations in physical functions. However, they had a low disease activity state with more use of biologic therapy. The factors behind the paucity of RN in Kuwait and their influence on the severity and prognosis of the disease need further exploration.
